SUMMARY The concentration in pancreatic tissue and the total pancreatic content of three xenobiotic metabolising enzymes has been determined in two models of experimental pancreatic growth namely, cholecystokinin-octapeptide injections and soy flour feeding. No significant change in pancreatic concentrations of benzo(a)pyrene hydroxylase or glucuronyl transferase was detected. In both models of pancreatic growth, however, the concentration of glutathione-S-transferase was significantly reduced. It is possible that the reduction in this enzyme may be of some importance in determining the susceptibility of the pancreas to carcinogenesis observed with long term soy flour feeding.
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Injections of cholecystokinin (CCK) and its synthetic analogues and the feeding of raw soya flour or soy bean trypsin inhibitor are potent stimuli for pancreatic growth in several species.'2 There is some evidence that the trophic response of the rat pancreas to soy flour feeding is, at least in part, mediated by the release of increased amounts of endogenous CCK produced by intraluminal inhibition of tryptic activity in the intestine by the soy bean trypsin inhibitor.34 Soy flour feeding in conjunction with the feeding of azaserine, a weak pancreatic carcinogen5 enhances the yield of malignant tumours in these animals as compared with the feeding of the carcinogen alone..6 It has also been observed, however, that prolonged feeding of raw soya flour to rats results in. development of adenomatous nodules in the pancreas and ultimately pancreatic carcinomas. 7 While the prolonged stimulus may, by itself, lead to ihe development of carcinomas, one possible mechanism may involve modification of the ability of the pancreas to handle the low background levels of carcinogenic xenobiotics present in the environment, most importantly, in the diet. Over a prolonged period of time, a small change in the capability of the pancreas to handle such compounds might be important in the development of malignant change in the gland. To study this, we have examined the ability of the control and hypertrophic pancreas of rats to carry out phase I (arylhydrocarbon hydroxylase) and phase II (glucuronyl transferase and glutathione-Stransferase) reactions.
Methods

ANIMALS
Adult male Sprague-Dawley rats, purchased from Canada Hybrid Farms, NS were maintained, four to a cage, at a minimum 40% relative humidity, approximately 23°C, 12:12 photoperiod and provided with food and water ad libitum until killed.
TREATMENT
In one experiment two rats (200-300 g when first injected) in each cage received twice daily subcutaneous injections of cholecystokinin-octapeptide (CCK-OP) (Kinevac 300 ng/100 g/day) for 14 days while the other two were similarly injected with sterile 0-9 % NaCl. Animals were fed Rat Chow"R) (Ralston Purina Co.).
In the other experiment half the rats (120-200 g) were maintained for 28 days in a pelleted feed (Ralston Purina Co, Richmond, Ind.) containing 40 % raw defatted soya flour while the other half were provided with pellets identical except that the soya flour had been toasted to inactivate most of the trypsin inhibitor (TI) activity (reduced from 29 5 to 5 mg TI/g extracted using ethyl acetate: acetone).1011 Microsomal glucuronyltransferase (GT) activity was measured using radioactive l-naphthol as substrate.'2 Glutathione-S-transferase (GSH-T) activity in the 105000 g supernatant ('cystosol') was measured spectrophotometrically using l-chloro-2,4-dinitrobenzene as substrate.'3 Protein concentrations were measured using the Biorad Protein Assay. Microsomal mono-oxygenase (BPH) GT and GSH-T activities were measured in 10 mM phosphate buffer, pH 7-4, containing 1-1 mM MgCl2 at 37 'C.
Results are expressed as means + standard error of the mean. A paired sample t-test was used to identify statistically significant differences. Significance was determined at p < 0 05.
Results
The pancreatic weights, enzyme concentrations and total pancreatic content of the enzymes are presented in Figs 1-7 . Both CCK-OP injections and unheated soy flour feeding significantly increased pancreatic wet weight compared with appropriate controls. The pancreata in animals fed the toasted soy flour diet are slightly larger than those of animals fed regular chow. This probably reflects the fact that there is some residual tryptic inhibitor activity in the heat treated flour. With respect to the specific activity, the only significant alteration in the three enzymes studied was a fall in the concentration of glutathione-S-transferase. The decreases observed were 32 % in the CCK-OP treated animals and 14% in those fed raw soya flour diets as compared with control values. cinoma in rats and the nitrosamine induced model in hamsters (see reviews by Longneckerl" 16).
Most chemical carcinogens are procarcinogens, being inert until activated in the tissues by metabolic processes, chiefly oxidations. Thus the importance of xenobiotic-metabolising enzymes in target tissues is evident. Of particular interest is the fact that the activity of these enzymes can be induced by a variety of substances and conditions including exposure of the tissues to the substrates of these enzymes -for example, the polycyclic aromatic hydrocarbons.
Two general types of metabolic conversion of xenobiotics occur in tissues, namely, phase I reactions which add reactive groups to the molecule, for 16 On the other hand, glutathione-S-transferase, another phase II enzyme, is present in relative abundance in the pancreas of rats, being present at approximately 50 % of the concentration of the liver enzyme. '7 It has been shown that trophic influences on the pancreas, notably injections of CCK and soy flour feeding, act as cocarcinogens with chemical carcinogens such as N-nitrosobis(2-oxopropyl)amine'8 and azaserine.5 Furthermore, prolonged soy flour feeding can ultimately yield not only pancreatic hypertrophy but also adenomas and carcinomas.7 It is possible that the action of low levels of carcinogens in the diet is enhanced by trophic factors such as soy flour feeding.
Our results show that with the pancreatic hypertrophy associated with either CCK-OP or soy flour, no detectable change in aryl hydrocarbon hydroxylase or glucuronyl transferase specific activity (units/mg protein) occurs, but that a significant fall in glutathione-S-transferase can be demonstrated in both forms of pancreatic hypertrophy. There is evidence that the hypertrophy of soy flour feeding represents the effect of endogenous hypercholecystokininaemia,34 thus these results may reflect the same phenomenon.
Although the explanation for the relative abundance of glutathione-S-transferase in the pancreas is not known it is possible that this enzyme represents a major detoxifying capacity of the pancreas. In a number of tissues, the concentrations of this enzyme, like other xenobiotic-metabolising enzymes, is increased by various agents present in the human diet, notably the butylated hydroxyanisoles.' Agents inducing this enzyme might confer protection on the host against various xenobiotics.20 Conversely, conditions which depress the level of this enzyme may be of great significance in that they reduce the detoxifying capacity of a tissue. Our results, therefore, may offer one explanation for the carcinogenic activity of prolonged soy flour feeding in rats. 
